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Phosphorus is an essential nutrient for all living organism, however, the 
concentrations of phosphorus in most ocean surface waters are low and may limit the 
organism growth. And if the phosphorus concentration in the environment too high 
will cause eutrophication, even cause red tide phenomenon. The orthophosphate is the 
major inorganic form of P in nature, including dissolved phosphorus and particulate 
phosphorus, dissolved phosphorus include dissolved organic phosphorus and 
dissolved organic phosphorus, particulate phosphorus comprises particles of inorganic 
phosphorus and particulate organic phosphorus. 
P is particle active element, it cannot be used as an isotopic tracer for 
biogeochemical study due to it is only one stable isotope (
31
P). The study found that 
phosphate under the action of oxygen isotope in biological or enzymes would occur 
with water and oxygen exchange, rather than biological effect of phosphate and water 
will not happen between oxygen exchange. So some research with phosphate oxygen 
isotope（δ18Op）to trace the source area of phosphorus or biological utilization of 
phosphorus. Estuary phosphorus cycles will affect river phosphorus input to the ocean 
phosphorus, the research object is Jiulong River estuary, we sampling every two 
months, measuring various forms of phosphorus concentrations and δ18Op . 
The study found that in Jiulong River Estuary, the proportions of dissolved 
phosphorus higer than particulate phosphorus, and dissolved organic phosphorus (DIP) 
is the main forms in dissolved phosphorus. With the increasing of salinity, the 
concentration of DIP decreasing, and the concentration of DIP in April is a little 
abnormal, DIP concentrations in different months is very close in Sea-side, changes in 
freshwater side relatively large, it is generally higher in winter than in summer. The 
concentration of dissolved organic phosphorus (DOP) is low and the range of 
variation is not obvious. With the increasing of salinity, the concentration of PIP and 
POP decreasing. The concentration in Oct is the highest and the variations range is the 
















others. Freshwater larger difference, Sea - side water close. Suspended particulate 
matter (SPM) have the same trend in salinity with POP with POP. 
Jiulong River estuary water samples accord with hybrid model, the reason is 
the oxygen isotopes composition of the water (δ18Ow) has a good linear relationship 
with salinity. Through hybrid model can calculate the mixed value (δ18Op(mix)). 
Through the Phosphate - water oxygen isotope fractionation equilibrium relation to 
calculate the theoretical equilibrium value (δ18Op(equ)), the measured value (δ
18
Op) and 
hybrid model can calculate the mixed value (δ18Op(mix)). Experimental results (δ
18
Op) 
show that they are substantially increases with salinity, but among the month no 
significant variation. The value in every month generally close to mixed model values, 
it lower than theoretical equilibrium value in winter and higer in summer. It shows the 
δ18Op changes in natural samples smaller than predictable, namely the transformation 
of biological activities is small to δ18Op, the main representative of the source 
characteristics. 
After typhoon the concentration of DIP increase, lower DOP concentration, 
PIP concentration change is not obvious, and POP concentration reduces, SPM 
concentration in low salinity is increased, in high salinity is reduced, the change in the 
oxygen isotope phosphate obvious. 






























颗粒无机磷（PIP）和颗粒有机磷（POP）（Vander Zee 等, 2007）。 




同位素都为极不稳定的放射性同位素。所以 32P 和 33P 可以作为示踪剂用于实验
室的培养和野外的观测（张远辉等, 2003）。约有 90%的 32P 和 33P 于大气中产生，
通过湿沉降进入海洋的表层（Lal, 2001），所以表层水中 32P 和 33P 的含量相对较
高，而深层海水中 32P 和 33P 的含量相对较低（陈锦芳, 2006）。尽管 32P 和 33P 有
比较低的通量，但它仍是研究近岸和开阔大洋磷循环的一个重要的工具
（Benitez-Nelson 和 Karl, 2002; Lal 等, 1988; 陈锦芳, 2006）。 
1.1.2 磷的重要性 
磷（P）对于所有生物体来说都非常重要。它是构成生物结构和功能的主要
























态系统结构，包括土壤、河流、湖泊、河口、开阔大洋及海底沉积物（Karl 等, 2001; 











1999; Tyrrell, 1999），从而影响生态系统中的初级生产力和碳的埋藏通量（Delaney, 
1998; Föllmi, 1996; Broecker 等, 1982）。 
 
 
图 1.1 生物体内主要的含磷化合物（Paytan 和 McLaughlin，2007） 
Fig1.1 Major P-contained compounds in organisms 

















在地壳元素组成中，磷的丰度是第 11 位，质量分数约为 0.1%（Klein 等, 1993; 
Fairbridge, 1972）。这些磷大多数是以磷酸盐矿物的形式存在于各种岩石中。已












再次参加循环（张秀梅等, 2001）（图 1.2）。 
 
 
图 1.2 全球磷循环（张秀梅等，2001） 
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